During the study on the assessment of ecological status of the Lepenci river basin, epilithic diatoms were used. Via this methodology, the authors aimed to standardization the ecological assessment methodology and gradually make it applicable for all river basins of Kosovo. The authors relied on a hypothesis that the epilithic diatom communities can serve as a reliable ecological tool to evaluate the quality of flowing waters in Kosovo. Thirteen water quality indices (IBD, IPS, IDG, DESCY, SLA, IDSE, IDAP, EPID, CEE, WAT, TDI, IDP and SHE) were measured in eight sample-points. From the conducted qualitative analysis, the obtained results showed that the water quality varies from upper parts of the basin (SP1, SP2, SP3 & SP4) characterized with higher water quality towards the lower parts (SP5, SP6 & SP7) where water quality was of the 2nd class and finally in Hani i Elezit (SP8) where the index values showed that its water belongs to the 3rd class. The samples were taken in to 8 sampling sites, in river during year (2017), the Navicula viridula species was the most dominant, along with Cocconeis placentula var. lineate and Diatoma vulgaris. In turn, between August and end of September, the following species were dominant ones: Craticula ambigua, Navicula hintzii, Navicula viridula and Rhoicosphenia abbreviata.
INTRODUCTION
As a diverse group of unicellular algae, aquatic diatoms are well-known as biological indicators with high sensitivity and narrow tolerance of their individual species towards the altering environmental parameters such as pH, salinity, nutrient availability as well as organic and inorganic pollution [Round 1993 , Soltanpour et al. 2011 , Vasiljević 2014 , Lobo et al. 2016 , Antonelli et al. 2017 ]. In pursuit of correct manner to estimate the degradation of water bodies across the globe, scientists have developed several diatom-based indices such as IPS [Cemagref 1982 ], the TDI as well as BDI [Lenoir and Coste 1996 ]. The continuous and systematic use of these indices in all biomonitoring related programs in Europe within the European Water Framework Directive makes them very trustworthy and reliable for Kosovo (DKU 2000) and additionally points out that the biological indicators play an important role in the evaluation of the ecological status. Anyhow, large number of taxa that can be involved remains a problematic issue in using and analyzing diatoms as an biological indicator [Soltanpour et al. 2011 , Dalu et al. 2016 ] that has been so far partially solved by using the indices that rely only on genera [Rumeau and Coste 1988 in the biomonitoring studies in Kosovo concerning the water quality issues, the diatom flora has been neglected and has therefore received little attention or no attention at all, even though it is well-known that they, in particular the freshwater species, constitute a major group of algae. Via this study, the authors aimed at assessing the diatom flora of the Lepenci river basin, representing an important step towards the general overview and assessment of all freshwater rivers and basins of Kosovo.
Diatoms are an important component of ecosystems because they are in high correlation with the environmental characteristics [Hill, et al., 2001] . They are a specialized, systematic group of algae occurring in almost all water ecosystems and other damp habitats. Diatoms are valuable indicators of the stream ecosystem conditions because they are relatively simple to collect, respond rapidly and predictably to the changes in stream chemistry and habitat quality, taxonomically diverse, have short regeneration times, and are ubiquitous, which allows for comparisons across geographic regions [Round 1991 , van Dam et al. 1994 , Leland 1995 .
They are a systematic group used in assessment of water quality [Noga et al., 2014] . These organisms constitute one of the main dominant groups of periphytic algae in lotic systems and efficient indicators of environmental changes, since they respond sensitively to the physical and chemical changes of water quality [Winter and Duthie, 2000; Lobo et al., 2002] .
Diatoms have been recognized as good indicators of water quality [Stevenson, 2014] , Maznah and Omar [2010] revealed that the use of algae as bioindicators is important to identify the alteration of water quality in the freshwater ecosystems.
Especially, algae have been shown as a good indicator for the environmental stress assessment caused by nutrient pollutants (substances containing nitrogen and phosphorus).
The research on the diversity of diatomic algae and the determination of surface water quality, with the help of these bioindicators in Kosovo Rivers to date has been scarce.
MATERIAL AND METHODS
The Lepenci River basin is the main water catchment in the southeastern part of the Republic of Kosovo. The hydrographic network that discharges water in the Lepenci River covers an area of 653 km 2 [KEPA, 2015] , which is located in the territory of Kosovo, and which compared to the total area of Kosovo constitutes 5.98% thereof. The Lepenci River basin has its source in high mountainous areas at an altitude of 2212 m and is mainly fed by the water sources that flow into mountainous hills between the hydro-geologic formations in the upper permeable collector and watertight formations or floor hydro-geologic isolators at the bottom. The Lepenci River basin has a length of 50 km and average annual flow of 8.4 m 3 /s [KEPA, 2015] ; it has a river bed with many meanders forming in its entire length a river trench which continues outside the territory of Kosovo. The average annual precipitation in the Lepenci River area is 912 mm, whereas the effective precipitation is 469.8 mm with a coefficient of flow of 0.516 [KEPA, 2015] .
The sampling was conducted during spring, summer and autumn, 2017, from 8 localities (S1-S8), along the River basin of Lepenci. (Figure 1 ).
The authors collected the benthic diatoms by scraping with a toothbrush, preserving the material in 4% formalin.
Preparation Total species number, distribution and of species per locality, diversity of species -Shannon-Wiener diversity index (H), Simpson diversity index (D), Margalef index, Menhinick index, species richness estimator (SChao 1) (a species richness estimator estimate the total number of species present in a community and is based upon the number of rare species (singleton and doubleton) found in a sample [Chao, 1984] and similarity index (Jaccard's similarity index -Ja) were calculated using ComEcoPaC -Community Ecology Parameter Calculator, Version 1 [http://prf.osu.cz/kbe/ dokumenty/sw/ ComEcoPaC/ComEcoPaC.xls].
The analyses of physicochemical parameters were performed based on the ISO 5667-6 standard, which determines the principles to be applied in designing the programs in sample collection, the techniques of sample collection and the treatment of water samples from rivers and flows for the physical and chemical assessment [ISO, 2014] . The samples for water quality analysis were collected at the same time as the diatom samples. Environmental factors, including water temperature, pH, dissolved oxygen (DO), electrical conductivity (EC), and total dissolved solids (TDS). The concentrations of silicate (SiO 2 , mg·L -1 ), nitrate (NO 3 -, mg·L -1 ), orthophosphate (PO 4 3-, mg·L -1 ), ammonium (NH 4 + , mg·L -1 ), and sulfate (SO 4 -2 , mg·L -1 ).
RESULTS AND DISCUSSION
The results of water analysis are presented in Table 1 . The variation of temperature ranged between 8.5°C in SP1 (autumn) to 20.7°C in SP4 (autumn), the average values in spring, summer and autumn were 10.80, 16.81 and 11.93°C, respectively, whereas the average value with standard deviation for the three seasons has been 13.18±3.73°C. The pH ranged from 6.9 in SP1 (autumn) to 8.7 in SP1 (spring). The average values in spring, summer and autumn were 8.375, 8.265 and 7.296, respectively, whereas the average value with standard deviation for the three seasons for pH was 7.98±0.55. The concentrations of nitrate ranged from 0.0.00 in Figure 1 . Location of investigated area S1 to 19.800 mg/L in S8. The variation of EC has been from 41.40 µS/cm in SP1 (spring) to 742.00 µS/cm in SP4 (summer). The average values in spring, summer and autumn were 239.813, 414.913 and 375.250 µS/cm, respectively, whereas the average value with standard deviation for the three seasons for EC reached 343.33±212.31 µS/cm. The values of TDS ranged from 20.50 mg/L in SP1 (spring) to 371.00 mg/L in SP4 (summer). The average values in spring, summer and autumn were 120.238, 207.438 and 187.875 mg/L, respectively, whereas the average value with standard deviation for the three seasons for TDS amounted to 171.85±106.04 mg/L. The value of COD ranged from 00.00 mg/L in SP3 (summer) to 52.90mg/L in SP6 (summer). The average values in spring, summer and autumn were 19.488, 12.329 and 23.150 mg/L, respectively, whereas the average value with standard deviation for the three seasons for COD reached 18.32±17.21mg/L. The variation of BOD 5 was from 00.00 mg/L in SP3 (summer) to 38.800mg/L in SP6 (summer). The average values in spring, summer and autumn were 8.513, 8.058 and 14.450mg/L respectively, whereas the average value with standard deviation for the three seasons for BOD 5 amounted to 10.34±11.24 mg/L. The value of NO 3 was from 00.00 mg/L in SP1 (spring) to 19.800 mg/L in SP8 (summer). The average values in spring, summer and autumn were 1.205, 6.444 and 2.775 mg/L respectively, whereas the average value with standard deviation for the three seasons for NO 3 reached 3.48±4.46 mg/L. The variation of NH 4 + was from 0.010mg/L in several stations up to 6.900mg/L in SP4 (spring). The average values in spring, summer and autumn were 2.477, 0.815 and 1.198 mg/L respectively, while the average value with standard deviation for the three seasons for NH 4 + amounted to 1.50±1.82 mg/L. The variation of PO 4 3was from 0.020 mg/L at several stations (in different season) up to 2.335 mg/L at SP7 (summer). The average values in spring, summer and autumn were 0.129, 0.956 and 0.047 mg/L respectively, while the average value with standard deviation for the three seasons for PO 4 3was 0.38±0.75 mg/L. The sulphates of SO 4 2ranged from 1.000 mg/L in SP1 (summer) and SP5 (summer) up to 27.000 mg/L in SP6 (autumn).The average values in spring, summer and autumn were 7.250, 6.625 and 11.625 mg/L, respectively, while the average value with standard deviation for the three seasons for SO 4 2was 8.50±6.00 mg/L. Table 2 shows that during the research on the Lepenci River basin, there are 139 identified species of diatoms belonging to 8 families; the Naviculaceae familiy has the highest abundance and distribution, whereas the species with highest abundance corresponds to Nitzschia dissipata In order to determine the ecological as well as trophic status of waters, thirteen indices were employed for Diatom survey, as shown in Table 3 .
In SP1-Prevallë station, based on the indices calculated using the OMNIDIA software, it can be considered that the water quality is good and belongs to the second class while its trophic status is Oligo-Mesotroph. The analyzed indices were: IBD, IPS, IDG, SLA, IDSE, EPID, CEE, WAT, TDI and SHE, the same were used in all eight sampling plot analyses. Interestingly, based on In SP2-Jezerc station, according to the values of the IBD, Descy, IDSE, CEE and WAT indices, the quality of water is good and belongs to the second class (II), and the trophic status is Oligo-Mesotroph. Additionally, according to the IPS, IDG, SLA, ISAP, EPID, TDI, IDP and SHE indices, the water quality is moderate, and belongs to the third class (III) and trophic level is mesotrophic.
According to the values of the IBD, IDG, IDSE, IDAP, CEE, WAT, SHE indices, the quality of water is good and belongs to the second class (II), whereas the trophic status is Oligo-mesotrophic. In turn, based on the Descy index, the water quality is high which means that the water quality belongs to the first class (I) and trophic level is Oligotroph. According to the IPS, SLA, EPID, IDP indices, the water quality is moderate, and belongs to the third class (III) whereas the trophic level is mesotrophic. On the basis of the TDI index, the water is of poor quality, belongs to the fourth class (IV) and trophic level is Meso-eutrophic.
The obtained values for the diatom indices on the fourth monitoring station -SP4-Runjevë (Table 4 ) -indicate good water status and, which belongs to the second class (II) and the oligo-Mesotroph level. In turn, IPS, IDG, SLA, IDSE, IDAP, EPID, CEE, WAT, IDP and SHE indicate moderate status and the third class (III) as well as mesotrophic level. On the basis of the TDI index, the water is of poor quality, i.e. to the fourth classes (IV) and the trophic level is Meso-eutrophic.
For the fifth monitoring station, Nikë (Table 4 ), most of the diatom indices show moderate water status (IPS, IDG, SLA, IDSE, EPID, CEE, IDP) and its quality belongs to the third class (III) as well as Mesotrophic level. IBD, DESCY, IDAP, WAT and SHE indicate good status and second class (II) quality, with the trophic status being Oligo-mesotrophic while TID (poor status) belongs to the fourth class (IV), and Meso-eutrophic level.
Most of the scores for the diatom indices for the sixth monitoring station -Gërlicë -belong to the good or the lower limit of moderate status (table 4) . The values obtained for IBD, IPS, DESCY, IDSE and SHE show that the quality of water is good and it belongs to the second class (II), with the Oligo-mesotroph status, while for IDG, SLA, IDAP, EPID, CEE, WAT, ISD show moderate status and the third class (III) as well as mesotrophic level; in turn, TID shows poor status and belongs to the four classes (IV) while the trophic level is Meso-eutrophic. Most of the scores for the diatom indices for the seventh monitoring station -Kaçanik -belong to moderate status ( Table 4 ). The values obtained for IBD, IPS, IDG, SLA, IDSE, IDAP, EPID, WAT, IDP are moderate and belong to the third class (III), the trophic level is mesotrophic; TID shows poor status and belongs to the fourth class (IV). The trophic level is Meso-eutrophic. In turn, DESCY,SHE have good status and belong to the second class (II), and the trophic status is Oligo-mesotrophic.
For the eighth monitoring station Hani i Elezit, most of the diatom indices show moderate status (IBD, IPS, IDG, SLA, IDAP, EPID, CEE, WAT, TDI, IDP, SHE) and belong to the third class (III) as well as Mesotrophic level (Table 4 ). On the other hand, DESCY and IDAP indices show it to have good status and the water quality belongs to the second class (II), while the trophic status is Oligo-mesotrophic. This study is the first attempt to uncover the taxonomic composition and distribution of diatoms in the Lepenci River basin. Nearly 139 taxa, belonging to 43 genera, were recorded ( Table 2 ). The composition of the diatoms assemblage changed from site to site and different monitoring stations. At the upper sites source area (S1-S3), in S1, the dominant species were Hannaea arcus (Ehrenberg) Patrick 8.6%, Diodoma mesodon (Ehrenberg) Kützing Referring to the data in Table 2 it was noticed that in the Lepenci River Basin, the largest number of Eudominant (SE) taxa was observed in the S3_Brod and S5_Nikë stations. The largest number of subdominant taxa (Ssd) in the Lepenci river basin was found in the S5 and S7 stations, while the lowest value -at the S6 station. The largest number of resident species (R) belongs to the S7_Nikë station 27, while the lowest number of resident species is at station S5_Nikë 10
The largest number of taxa with Sub-Resident (Ssr) frequency was found in the S1_Prevallë station with 27 taxa (families), and the lowest number in the S5_Nikë station with 2 taxa. The highest eudominant species (NE) abundance was observed at S5_Nikë 69 and S3_ Brod 55. The largest dominant abundance (ND) was presented at S2_Jezerc (160) station while the lowest value was at S6_Gërlicë station (28) . The abundance of resident species (NR) was the highest at the S7_Kaçanik station -192, while the lowest was in the S4_Runjevë station -68. The abundance of the sub-resident species (Nsr) as the highest at the S2_Jezerc station (60) while the lowest was at S5_Nikë station (6) . The largest number of Sigletons (F1) and Doubletons (F2) was at the S1_Prevallë station. The largest number of Tripluses (F3) is displayed at the S1_Prevallë and S4_Runjevë stations.
Species richness estimator (Schao1) had the highest value at the S1_Prevallë station. Diversity index (Shannon-Wienner) and evenness index of epipelic diatom in river basin Lepenci are relatively high. Diversity index ranged from 4.64 up to 5.40, while the evenness index values -from 0.85 to 0.95, Margalef index 5.03 up to 9.45 and Menhinick index from 1.46 to 2.95 ( Table 5) . High diversity index reflects the stable ecosystem of Lepenci river basin downstream based on epipelic diatom community. Evenness index of epipelic diatom in Lepenci river basin downstream indicates the quite even of species distribution on these downstream rivers [Odum, 1993] . Table 6 shows that the greatest similarities in the composition of diatomic types were exhibited at between S2_Jezerc station with S3-Brod station, and S4_Runjevë and S6_Gërlicë station where Jacardi index is 0.36 or 36%, which implies that these localities have 36% of common types. The greatest differences were shown between S3_Brod station and S7_Kaçanik station where Jakard's index is 0.17 or 17%. This index is expressed in %, where the highest percentage also shows the highest similarity in the composition of two samples. Table 7 shows that the greatest similarity was obtained between the S2_Jezerc and S3_Brod stations, which have 53% of the types of common diatoms. The S3_Brod and S7_Kaçanik stations showed a similarity value of less than 27%. Table 8 shows the correlations between the physical-chemical parameters and indices. The authors found that E index is significantly and strongly correlated with EC, TDS COD and BOD, NH 4 + , PO 4 3-, SO 4 2parameters (p<0.05 and p<0.01). The E_A index is significantly and strongly correlated EC, TDS, COD and BOD, SO 4 2-(p<0.05). The D Index is significantly correlated only with pH and TDI is significantly correlated only with T°C. According to other indices, such as H, N2, D Ma , D Me , IBD and IPS, the level of correlation is high but not significant. All the samples are correlated with each other with strong and moderate correlations except D Ma and D Me indices, where weak correlations with physical-chemical parameters can be found.
The correlations ranged from 0.721-0.843 (p<0.05 and p<0.01), the weakest correlation was between D Me and SO 4 .
CONCLUSIONS
From eight monitoring stations in the Basin of Lepenci River, a diverse composition of 139 diatom species was obtained. It was observed that the upper part of the river stream was richer in species number. The monitoring stations located in the lower and middle part of the river stream were characterized with relatively smaller number of diatoms species present. On the basis of different indices (BD, IPS, IDG, Descy, Sla, IDSE, IDAP, EPID, CEE, WAT, TDI, IDP and SHE) that were taken into account, the best water quality was observed in monitoring stations of Prevallë (SP-1) and Jezerc (SP-2), where the water quality belongs to the first class. In other monitoring stations (SP-3 to SP-8) the water quality varied from the second (II) to the fourth (IV) class. 
